Chronic obstructive pulmonary disease and asthma affect millions of people worldwide. Conventional treatments are not sufficient at preventing the progression of these diseases. The treatments are unspecific, and when administered systematically, and in high doses, they have adverse health effects. Further, the current diagnostic methods are poor and they are not capable of identifying the accurate state of the disease. Nanoparticle-based theranostics (NBTs) are well-established systems that simultaneously provide treatment and diagnostics. Various nanocarriers can be used in NBT and are designed according to the need. In this review, liposome-based theranostic systems are evaluated and possible modifications that could provide better drug delivery and accumulation and diagnosis are exemplified. These systems can be applied to conventional therapeutics to avoid side effects and perhaps overcome the challenges that interfere with their cellular accumulation.
IntroductIon
Chronic obstructive pulmonary disease (COPD) and asthma are the two of the most common chronic inflammatory lung diseases (CILDs) and affect > 500 million people worldwide. [1] Conventional treatments mainly focus on easing the symptoms by mitigating inflammation with corticosteroids (CSs) or by bronchodilators (BDs). [2, 3] However, these are proven to be ineffective preventing the progression of CILD and particularly of COPD. [4] Furthermore, the CS, which is used in routine, has adverse health effects when systematically applied in high doses. [5] Therefore, there is an urgent need for new, effective therapeutics that can treat, and ultimately cure, patients who suffer from CILD. This review will evaluate the hallmarks of CILD and the therapeutics that are currently used for treatment. Then elucidate the area of liposome-based theranostics as an improvement to these therapies and exemplify the research that has done in the area.
Hallmarks of cHronIc Inflammatory lung dIsease and conventIonal treatments
COPD is the fourth largest cause of death worldwide, and it is expected to be the third by 2020. [6] COPD is an inclusive term for a group of conditions, such as emphysema and chronic bronchitis, which causes the persistent difficulty in exhaling air from the lungs. [7] Cigarette smoking is the major cause of COPD, and it induces chronic inflammation that leads to irreversible destruction of lung alveoli and the promotion of mucus secretion, which further blocks the airway and causes cilia damage in the respiratory track and makes lungs vulnerable to chronic infections. [7] Asthma is a common type of CILD that occurs in airways in the lung and affects >300 million people worldwide. [8] Inflammation leads to swelling and narrowing of the airways, therefore obstructing breathing. In contrast to COPD, airflow obstruction in mild to moderate asthma is usually reversible naturally or with treatment. [9] Even though inflammation in the respiratory track is common to both of them, the nature of inflammation usually differs particularly in terms of anatomical
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distribution, inflammatory cells, mediators, and response to anti-inflammatory therapy. [4, 9] Although asthma and COPD are two distinct diseases and have different management strategies, they are often treated with the same medications. [10] Some patients show symptoms similar to both asthma and COPD, which is termed asthma-COPD, overlap syndrome (ACOS). [10] Even though ACOS has several phenotypes that require different therapeutic approaches, the patients are also treated with conventional asthma therapeutics. [10] The current treatments for asthma, COPD, and ACOS solely focus on eliminating the inflammation with CS and dilated bronchi with BD. The aerosol formulations containing these medicines have relatively fast pharmacokinetic profile; therefore, they are required to be administered frequently. [11] CS is a strong anti-inflammatory and immunosuppressive medicine, which either induces anti-inflammatory or represses pro-inflammatory genes to reduce inflammation. [12, 13] CS treatments are effective to keep asthma under control when delivered locally; however, patients who have severe asthma have remained difficult to be treated. [14] Severe asthma requires high doses of CS and a second controller or systemic CS to be restrained; otherwise, it may remain uncontrollable. [14] CS insensitivity may occur in severe asthma patients, which could further contribute to the severity of the disease. [15] Moreover, long-term systemic CS therapy has adverse effects such as osteoporosis, adrenal suppression, diabetes, and cardiovascular diseases. [12, 15, 16] Most of the severe asthma patients tend to develop at least some of these pathologies overtime. [16] In contrast to asthma, CS is not effective to suppress inflammation in COPD patients due to decreased activity of gene transcription suppressors, histone deacetylases (HDACs). [17] It has been found that activated glucocorticoid receptors recruit HDAC2 to nucleus to repress the transcription of inflammatory genes and relieve the inflammation in healthy or non-COPD smoker, whereas in COPD patient, this system may fail to function. [17] lIposomes as nanotHeranostIcs Nanotechnology offers great potential as the future of medicine due to its capability of delivering appropriate amounts of a therapeutic to a target area sustainably and monitoring the disease state concurrently. Their improved pharmacokinetics and biodistribution profiles via the enhanced permeability and retention (EPR) effects make them valuable tools in the design of therapeutics. [18] Until 1995, nanotechnology applications were limited to the cosmetics industry. Doxil ® , the first liposome-based nanomedicine that carries an anticancer agent, was approved by the Food and Drug Administration and marketed in 1995 which made nanoparticles a promising tool in the pharmaceutical industry. [19] Liposomes are among the most established drug delivery platforms due to their flexibility, biocompatibility, biodegradability, and nonimmunogenicity. [20, 21] They are self-assembled structures constructed by amphiphilic phospholipids and have spherical lipid bilayer structure containing an aqueous core [ Figure 1 ]. [22] Due to containing both hydrophilic and hydrophobic sites, liposomes are suitable to carry drugs that have different molecular entities toward water, which makes them convenient for combination therapy that holds great importance in CILD treatment. [23, 24] The main drawbacks of liposomes are their instability and short blood circulation time. [24] However, these problems may be solved by simple surface modifications. Liposomes' surface can be modified by ligand coating, which enhances their properties such as stability, permeability, circulation time, mucoadhesiveness, or cellular uptake. [25] Coating the surface of liposomes with poly (ethylene) glycol is the most common modification, and it stabilizes the liposome in the blood while preventing it from opsonization and promoting them for target localization. [26, 27] Furthermore, mucoadhesive polymer coating with chitosan, carbopol, or hyaluronic acid gives mucoadhesiveness to the liposomes that could be a desired feature when targeting COPD and/or asthma as increased mucus secretion is observed in both diseases. [28, 29] Liposomes' surfaces are modified not only to increase stability but also to enhance targeting specificity. Antibodies or ligands, such as peptides or polysaccharides, can be attached to liposomes' surface to increase specificity [30] (For more details see "Targeting and Delivery" section).
Liposomes can be designed to have different electrostatic properties. Consistent with their lipid composition, liposomes can either be positively or negatively charged. Positively charged liposomes, as known as cationic liposomes, are easily taken up by cells due to the negatively charged nature of their membranes and widely used in gene delivery. [31, 32] However, the strong interaction between the cell surface and the liposome membrane may lead unspecific Toll-like receptor binding that could result in leukocyte activation. [33] Negatively charged, anionic liposomes can be internalized by macrophages that might be an effective approach to target alveolar macrophages for COPD treatment since these cells have key roles in the pathogenesis of COPD. [4, 31] Liposomes are very felicitous to develop nanoparticle-based theranostics (NBTs), which contain imaging agent in addition to therapeutics, and allow therapy and diagnosis simultaneously. Synchronized imaging is essential for monitoring the disease state during, and after, the therapy to assess treatment efficiency. NBTs have shown great efficacy in cancer diagnosis and treatment in the past decade by delivering the correct doses of chemotherapy drugs to tumorous areas in a reliable manner and allowing consistent imaging instantaneously. [34] [35] [36] There are four important assets to consider when designing a successful NBT: first, to choose an effective therapeutic, either a small molecule compound peptide or nucleic acid; second, to find a stable transporter; third, to decide on a targeting and drug release strategy; finally, to select a contrast agent or dye for imaging.
tHerapy
Liposomes are used in various lung diseases, carrying vasodilators for pulmonary arterial hypertension, [37] antimicrobials for chronic bacterial airway infections, [29, [38] [39] [40] anticancer agents for lung cancer, [41, 42] recombinant gene for cystic fibrosis gene therapy, [32] and CS and BD for asthma, acute lung injury, and acute respiratory distress syndrome (ARDS). [11, 12, [43] [44] [45] [46] [47] They have been studied for asthma therapy since the early 1990s. Vidgren et al. examined liposomal beclomethasone dipropionate (Bec-L) in human volunteers and found that they have a prolonged anti-inflammatory effect as compared to any soluble drug. [45] They also used radioactive labeling 99m Tc to observe drug release patterns and confirmed that Bec-L provides sustained release. [45] These liposomes are found to be tolerable, and they have no significant pulmonary or systemic adversities in healthy individuals. [43] Following these improvements in 2003, Konduri et al. developed stealth liposomes, which are more stable versions of unmodified liposomes, containing budesonide to reduce the frequency of CS administration for patients who are suffering from CS's side effects. [48] As a result, weekly therapy with liposomal budesonide could substitute daily budesonide administration as well as reduce toxicity and improve compliance in mice. [48] Researchers also encapsulated BD in liposomes for sustained delivery and frequency reduction of the administered drug. Chen et al. encapsulated salbutamol sulfate (SBS) into liposomes and delivered them in an aerosol form to guinea pigs and observed that liposomal SBS displayed anti-asthmatic effects for up to 18 h whereas free SBS had lasted for only 6 h. [11] Liposomes are preferred transporters to carry combinations of therapeutics in a single platform to increase treatment efficiency. [49] Patients with CILD are generally prescribed CS and BD because the combination of inhaled CS and long-acting β2 antagonists (LABAs) provides greater control over asthma. [44, 50] Indeed, in ACOS, which has suffering and mortality of both disorders, combination therapy might be a necessary solution. [51] In fact, in 2002, Saari et al. studied LABA formoterol in addition to Bec-L treatment in nine asthma patients to observe the effect of LABA on lung deposition pattern of Bec-L and found that formoterol enhanced lung functions and peripheral lung deposition of Bec-L. [44] This study was the first combination therapy for asthma although BD and CS were separately, but concurrently, administered. Currently, there are inhalers containing combination of BD and CS, but these formulations are mixed either physically or mechanically, which may lack homogeneity and prevent the association of these two drugs at the target site. [50] Parikh et al. had drawn attention to the fact that there is a synergistic effect on inflammation when these two drugs combined together at the target side as each drug enhances the biochemical and pharmacological effects of other. [50] In other words, delivering CS and BD to the pathological area simultaneously in the same platform, which could be liposomes, might increase the treatment efficiency.
targetIng and delIvery
Since most of the liposome-based theranostics are mainly studied in the area of cancer, the preferred administration method is intravenous. However, pulmonary delivery has become an attractive method and of great interest in the healthcare research area, when targeting respiratory track diseases, lung cancer, or CILD due to the ability to deliver the drug directly to the pathological site without getting metabolized rapidly. [7, 42, 52, 53, 55] Pulmonary delivery has been also used for systemic delivery of drugs such as insulin, human growth hormone, and calcitonin. [53, 54] Due to the lungs' large absorptive surface area, approximately 70-140 m 2 , high permeability, limited proteolytic activity, and good blood supply, pulmonary route is now considered one of the most effective approaches for drug administration. [7, 53, 56, 57] Pulmonary delivery uses three main inhalation devices: metered-dose inhalers, dry powder inhalers, and nebulizers. [58] These devices generally use two forms of therapeutics: liquid spray or dry powder form. [58] Although, in this review, these devices are not explained in detail, the technical feature of these devices should be taken into consideration when designing an NBT, since the preparation of liposomes may differ according to the form of delivery. It is stated that liposomal formulations opened a new era in jet nebulizers as their applicability used to be limited to water-soluble drugs. [59] However, due to the structure of liposomes, aerosol form of water-insoluble or lipophilic drugs can be used in jet nebulizers. [59] Waldrep et al. indicated that aerosolized Bec-L is well tolerated in humans and practical for elderly people and young children who cannot efficiently use dry powder inhalers or metered-dose inhalers. [43] However, Elhissi et al. argued that in liquid spray form in aqueous solution, hydrolysis rate of the liposomes and oxidation of phospholipids might increase and these could jeopardize their stability. [60] They suggested that freeze-dry lyophilization method could overcome this problem as in this method liposomes are lyophilized in the presence of cryoprotectants, such as carbohydrates, to preserve their stability. [60] Using this technique, they successfully developed a stable liposomal carrier containing a combination of asthma drugs; beclomethasone dipropionate, a synthetic glucocorticoid to reduce inflammation, and SBS, a short-acting β2 adrenergic agonist as relaxant. [60] Liposomes are found to be highly effective in pulmonary delivery; however, their size must be tuned carefully. Depending on the size, the deposition of liposomes in the upper respiratory track could be prevented, and the residence time of the deposited material in lower airways would be prolonged.
[45] Figure 2 shows the particle sizes that can reach to certain place in the lung. Mucociliary transport is mainly responsible for airway clearance, and it is particularly successful with particles larger than 6 μm. [61] The particles can be removed by mucociliary system from the lungs and excreted by feces within 24 h. [61, 62] Smaller particles can be engulfed by airway macrophages, but particles <5 μm in size enter the alveolar region, where alveolar macrophages reside. [61] Since there is no mucus transport in the lung periphery, the clearance is slower as compared to the airways. [62] Depending on the size and surface properties, particles can remain in parenchyma longer than 24 h. [62] Considering an average size of a liposome, which is approximately 200 nm, they can remain in the lungs for a period of time and provide a prolonged release of the loaded drug compound. [63] Although tuning the size of the liposomes is important to prevent opsonization by macrophages, sometimes, when the aim is to target the macrophages, liposome sizes can intentionally be altered to make them identifiable by these cells. It is proposed that mannosylated liposomes that are 1000 nm in size can be used as a model therapeutic for respiratory infections and deliver drugs to macrophages effectively. [40, 65, 66] Liposomal surface modifications with mannose make these carriers specific to alveolar macrophages as mannose receptors are highly expressed on their surface. [66 ] Targeting alveolar macrophages may be a convenient drug delivery approach with oversized liposomes as using this method specific targeting and internalization steps could be bypassed.
Two main approaches are used in NBT targeting: active and passive targeting. Active targeting uses chemically conjugated ligands that recognize receptors or distinct peptides or polysaccharides on the cell surface. [21] When these receptors recognize the ligand, they induce ligand-induced internalization by endocytosis. This method is highly beneficial when pathological tissues express specific biomarkers. Targeting these biomarkers precisely is necessary for the liposomes to accumulate only in diseased tissues at high levels and not in healthy tissues. [24] In 2013, Chen et al. developed a liposomal dexamethasone delivery system with antibody targeting surfactant protein A, which is abundantly expressed by type II alveolar epithelial cells, in rats with ARDS, and found that liposomal steroid have better therapeutic effect and fewer side effects, compared to rats receiving free dexamethasone sodium phosphate. [12] Although active targeting is successful at targeting specific cells, nonspecific binding is usually a drawback. [67] Since the accumulation of nanoparticles solely depends on the biomarker, there is a possibility that it may accumulate in other tissues that express the same biomarker. [68] However, this would be more likely if the NBT injected intravenously, but via inhalation, this problem could be eliminated.
In pulmonary diseases, passive targeting gets particular attention when combined with inhalation route. Under certain conditions such as inflammation and tumor development, the endothelial lining of the blood vessel wall becomes more permeable than in healthy tissues. [69] Therefore, molecules ranging from 10 to 500 nm in size are able to accumulate deep in those tissues. [69] This impulsive accumulation is called EPR. Passive targeting is a strategy that benefits from the EPR effect of either tumor or inflamed tissues. [21, 70] Inflamed areas have increased blood flow and capillary permeability causing edema and the fluid flux into the target site, which promotes plasma protein localization. [26] When liposome concentration is high in the capillaries, they also flux into the inflamed area naturally, similar to plasma proteins. [26] Liposomal systems particularly have distinct advantages over nano-based carriers in pulmonary delivery. The most important feature of liposomes is to be internalized subsequently in the lungs, which makes passive targeting more attractive. Lungs secrete a mixture of surfactants that contain high levels of dipalmitoylphosphatidylcholine (DPPC), which is one of the main phospholipids used in liposomal membrane; therefore, the mechanism of surfactant uptake eases the internalization of liposomes. [25, 58] A study by Saari et al. shows that Bec-L constructed by DPPC deposited easily in the lung, showing slower clearance and providing sustained release. [71] Although pulmonary delivery is a successful method for treatment, there are several obstacles such as enzymatic activities in the respiratory track, airway geometry, mucociliary escalator, and mucus hypersecretion. [72, 73] One of the most studied passive targeting techniques is magnetic targeting. To overcome these problems, magnetic targeting is widely used technique in cancer research due to its practicality. Drugs containing magnetic nanoparticles (e.g., magnetoliposomes) can be physically dragged by a permanent magnet and concentrated into tumors through leaky blood vessels. [70, 74, 75] Yet, McGill et al. suggested that magnetic nanoparticles are also important in lung diseases indicating mucus hypersecretion as they might act as a nano-knife and could disrupt high viscosity long-chain polymers via thermal degradation or break mechanically through oscillation. [72] Superparamagnetic iron oxide nanoparticles (SPIONs) are commonly used in NBT due to their magnetic properties, capability to be used as contrast agents in magnetic resonance imaging (MRI) and as hyperthermia agents due to their ability of producing heat when alternating current magnetic field (ACMF) is applied. [75] Their superparamagnetism provides a greater magnetic response than bulk magnetism and presents rapid response to a magnetic stimulus. [76] The only downside of SPIONs is their tendency to agglomerate; however, appropriate coating with surfactants can stabilize them and prevent sedimentation, and also, according to the coating material, it allows them to gain different entities toward water. [37] SPIONs can also be encapsulated into liposomes, and when encapsulated, they do not only preserve their magnetic properties but also gain improved pharmacokinetic profiles. [37] SPIONs are biodegradable and nontoxic nanomaterials and have been studied extensively in tumor targeting and diagnosis. [63, 73] They have also recently been used in the diagnosis of different lung diseases. For instance, Nahar et al. investigated sustained and targeted release of Fasudil, which is a vasodilator, in pulmonary arterial hypertension in rats. [37] They observed that liposomes that contain magnetic nanoparticle suspensions provided increase cellular uptake and a slower pharmacokinetic profile and most importantly targeted and prolonged vasodilation. [37] drug release and ImagIng Liposomes are capable of providing controlled and sustained drug release that could reduce frequency of dosing, keep therapeutic drug levels constant over a period of time, and only release the drug when it reaches the target area. [52] This is one of the essential reasons to prefer a liposome-based system over free drugs. Drug release can be triggered by various factors, internally or externally. [77] Liposomal carriers can be designed using lipids with different properties to gain sensitivity to temperature, pH, or certain enzymes, which are essential qualities in drug release mechanisms. [77] For example, pathological tissues that contain inflammation are known to be slightly more acidic than healthy tissues; hence, when targeting the inflammation, pH sensitive liposomes could be advantageous. [69] However, external control such as hyperthermia could be more favorable to internal control since this can be applied to specific area to induce drug release. [68, 73] Liposomes can gain thermosensitivity by altering the composition of the lipid bilayer to undergo a temperature-dependent gel to liquid phase transition in temperature range of 42°C-44°C. [78, 79] This can be arranged by changing the molar ratio of the lipids that have different gel to liquid transition temperatures. Nevertheless, thermosensitive liposomes may not be able to achieve clinical effectiveness if drug concentration does not reach the required level. [68] If the designed NBT use thermosensitive liposomes that contain SPIONs, enhanced drug accumulation and heat-triggered release could be achieved. As it is mentioned earlier, SPIONs are capable of accumulating in the desired area and generating heat when an ACMF is applied, and this accumulation can also be monitored concurrently through MRI. [80] MRI has high spatial resolution and therefore is considered one of the best noninvasive imaging techniques for medical diagnosis. [81] In MRI, image contrast is produced by variances in proton density and MR relaxation times of the tissues. [81] SPIONs, after tissue penetration, reduce the spin-spin relaxation time by giving hypointense signals in T2/T2*-weighted images, producing dark regions, and therefore enhancing the contrast. [82] To date, the use of SPIONs is focused on cancer diagnosis, and marketed SPIONs are to enhance the MRI contrast of liver tumors (Feridex 
. However, monitoring the lung with MRI is challenging as lungs contain significant airspace that makes them weak at proton density with short T2/T2* relaxation times. [81, 83] That might be the main reason that MRI was not considered as an option of diagnosis technique of CILD. Nonetheless, researchers managed to monitor pulmonary ventilation imaging with high spatial resolution using hyperpolarized 3 He. [81] Hyperpolarized noble gas MRI uses 3 HE or 129 Xe for inhalation into the lungs, and when these gases polarize and give increased MR signal, it makes pulmonary ventilation monitoring feasible. [84, 85] Al Faraj et al. observed the biodistribution of ultrafine SPIONs with combination of 3 He and proton MRI, and they showed that this technique has the potential to introduce MRI as a reliable diagnosis technique for lung diseases. [81] However, this system is very costly, and it requires sophisticated equipment; therefore, its application is limited. [73] It is proposed that the ultra-short time of the echo could provide a good contrast for the detection of inflammation, and it is sufficient to visualize the lung parenchyma. [73] Further, SPIONs detection in the lung parenchyma has been achieved in inflamed lungs by arranging the system to different relaxation properties of SPIONs. [73] Recently, SPIONs have also become favored for imaging inflammation. SPIONs uptake by macrophages can be monitored on MRI, and it has an essential role in the diagnosis of chronic inflammatory diseases and chronic infections. [86] Computed tomography (CT) and chest X-ray imaging are two imaging methods that are used in CILD. According to the Global Strategy for the diagnosis, management, and prevention of COPD 2017 report, thoracic imaging is considered as additional investigations, and main diagnosis is based on spirometry. [87] Diagnosis of asthma based on spirometry and imaging with X-ray or CT is only recommended to exclude other diagnoses. [88] CT and X-ray imaging are based on the absorption of X-rays by high electron density atoms. [83] While X-ray imaging creates two-dimensional images, CT is capable of creating three-dimensional images, and yet CT uses higher radiation doses as compared to conventional X-ray. [83] A contrast achieved in both system through atoms that have high atomic numbers such as iodine and barium. [83] While barium sulfate is used in imaging of the gastrointestinal track, it is contraindicated for lung imaging as it potentially causes granulomas and asphyxiation. [89] Therefore, iodine is commonly used as a lung imaging contrast agent; however, sometimes, it is challenging to achieve desired concentration in the lung and to disseminate it to periphery of the lungs. [89] Spirometry is commonly used as a diagnostic method in chronic airway diseases, yet this may not provide adequate information about the disease progression and the disease state to clinicians, which may lead to clinical problems and insufficient treatment. [90] Diagnosis and monitoring inflammation is critical because inflammation-induced tissue changes occur before necrosis and loss of function; therefore, early diagnosis would enable clinical intervention. [86] Despite the challenges of the imaging methods mentioned above, it is important to find an effective method to monitor CILD patients regularly as these patients may be more prone to develop other diseases such as cancer. [87] It has been found that there is a strong association between emphysema and lung cancer. [87] Quantitative CT can measure pathological changes in COPD including emphysema and low-dose CT is now recommended to the patient with COPD in the USA for regular control, yet this is not a common practice worldwide. [87, 90, 91] CT is also considered as an invasive method, which may not be applied to routine practice, as the amount of radiation may have an adverse effect on patients' health.
conclusIon and future IndIcatIons
In CILD, the challenge is delivering and accumulating the drug into pathological sites effectively as there are physical barriers that interrupt the competence of the medication used. However, it might be possible to enhance the efficiency of the current treatment by improving the drug delivery systems. This could also reduce the administrative dosage or frequency that may help eliminate side effects and decrease drug resistance. In the last two decades, NBTs are considered to be very successful in reducing therapeutics' side effects and cytotoxicity. They can also provide sustained and controlled drug release and allow for the simultaneous monitoring the disease state. Therefore, NBT could be suitable candidates for the new form of therapeutics for CILD treatment. 
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